Introduction {#s1}
============

Therapeutic response (radiotherapy or chemotherapy) and the prognosis of patients with human papilloma virus (HPV)-associated oropharyngeal squamous cell carcinoma (OPSCC) are more favourable compared with those in patients with non-HPV-associated OPSCC. Overexpression of p16, a cyclin-dependent kinase inhibitor, is closely related to HPV-associated OPSCC and an independent prognostic biomarker in patients with OPSCC.[@R1]

Recent studies suggest that the tumour immune microenvironment (TIM) plays an important role in carcinogenesis and tumour regression or progression. Additionally, CD8^+^ tumour infiltrating lymphocytes (TILs), which exert cytotoxic effects, are the major immune cells that act against tumour cells, with their higher density associated with a favourable prognosis in patients with head and neck cancer.[@R3] A recent study reported that programmed death-1 (PD-1), a receptor expressed on the surface of T cells, exhausts effector T cells by binding to programmed death ligand 1 (PD-L1) on tumour cells.[@R5] Interestingly, patients with oropharyngeal cancer and elevated PD-L1 expression have a favourable prognosis relative to patients with low PD-L1 expression.[@R6] Moreover, HPV infection, which upregulates PD-L1 expression on tumour cells, has been associated with favourable prognosis in patients with OPSCC; however, little is known about the precise differences in the TIM of patients with HPV-associated and non-HPV-associated OPSCC. Furthermore, associations between expression of PD-L1 on tumour cells and immune cells in stroma, p16 status, and TILs with OPSCC outcome have not been investigated. Therefore, we investigated the prognostic value of PD-L1 expression on tumour cells or immune cells, including T lymphocytes, macrophages, and dendritic cells,[@R7] and CD8^+^ TIL density, in patients with OPSCC.

Materials and methods {#s2}
=====================

Patients {#s2-1}
--------

We retrospectively screened consecutive patients diagnosed with OPSCC at Kurume University Hospital (Kurume, Japan) between 2000 and 2016. The inclusion criteria were as follows: pathological diagnosis of OPSCC; treated with surgery, chemoradiotherapy (CRT) or radiotherapy (RT); and the availability of adequate histological specimens containing tumour cells.

This study complied with the ethical guidelines outlined by the Declaration of Helsinki, as well as the institutional guidelines on human experimentation by the Ethical Committee of Kurume University. Informed consent was obtained from each patient.

Immunohistochemical analysis {#s2-2}
----------------------------

Paraffin-embedded tissue was cut to 4 µm samples, examined on coated glass sides, and labelled with the following antibodies using the Bond-III autostainer (Leica Microsystems, Newcastle, UK) and BenchMark ULTRA (Ventana Automated Systems, Tucson, Arizona, USA). Primary antibodies (with dilutions) were as follows: PD-L1 (1:100; clone E1L3N; Cell Signalling Technology, Danvers, Massachusetts, USA), CD8 (1:200; clone 4B11; Leica Microsystems) and p16 (ready to use; clone 16P04; Ventana Automated Systems). Immunostaining with CD8 and PD-L1 was performed using the same fully automated Bond-III system (Leica Microsystems) with onboard heat-induced antigen retrieval performed using epitope-retrieval solution-2 (in EDTA-based buffer (pH 9.0); Leica Microsystems) for 10 min at 99°C, followed by incubation with each antibody for 30 min at room temperature. For p16, the BenchMark ULTRA system (Ventana Automated Systems) was used. Briefly, each slide was heat-treated using ULTRA cell-conditioning-1 retrieval solution (Ventana Automated Systems) for 60 min at 95°C, followed by incubation with the p16 antibody for 32 min at 37°C. This automated system used the streptavidin--biotin complex with 3,3′-diaminobenzidine as the chromogen (Ventana UltraVIEW DAB detection kit; Ventana Automated Systems).

All IHC results were evaluated by two pathologists (AK and JA) who were unaware of patient conditions. Any disagreement between pathologists was resolved by a joint review to obtain a single consensus category.

p16 expression was considered positive if more than 70% of tumour cells showed moderate or strong and diffuse nuclear staining.[@R8] PD-L1 expression on tumour cells (TC-PD-L1) was classified as follows: less than 1%, from 1% to 4%; and 5%. or higher. PD-L1 expression of 5% or higher was considered positive, as previously reported.[@R6] Additionally, PD-L1 expression on immune cells in stroma (IC-PD-L1) surrounding the tumour was classified according to the same percentages used for tumour cells, with positivity considered at 5% or higher.[@R7] Furthermore, CD8^+^ TILs were counted in five high-power fields of view (magnification: 400×), and these averages were assessed. The cut-off values for the number of CD8^+^ TILs are presented as medians.

Statistical analyses {#s2-3}
--------------------

We evaluated whether variables, including TC-PD-L1 or IC-PD-L1 level, were associated with the survival of patients with OPSCC treated with a definitive treatment. Correlations between p16 expression on tumour cells, TC-PD-L1 level, or IC-PD-L1 level and patient characteristics were analysed using the Fisher's exact test for categorical variables. Correlations between p16 expression, TC-PD-L1 level, or IC-PD-L1 level and CD8^+^ TIL density were analysed using the Wilcoxon's test for continuous variables. Disease-free survival (DFS) and overall survival (OS) were calculated from the date of initiating treatment to tumour relapse (locoregional recurrence, distant metastasis, or both) or death, respectively. Kaplan--Meier analysis was used to assess patient survival, and a log-rank test was used to evaluate significant differences between and among two or four groups, respectively. Clinical and pathological variables associated with a p value less than 0.05 according to univariate analysis were subjected to multivariate analysis using a Cox proportional hazard models. All tests were two sided, and a p value less than 0.05 indicated a statistically significant difference. Statistical analyses were performed using JMP (v.13; SAS Institute, Cary, North Carolina, USA).

Results {#s3}
=======

Patient characteristics {#s3-1}
-----------------------

The clinical characteristics of the 137 patients included in this study are presented in [table 1](#T1){ref-type="table"}. The median age of the patients at diagnosis was 63 years (range 36--83 years) and included 113 men (82.5%). Performance status (PS) assessment indicated that 135 (98.5%) and 2 (1.5%) patients were PS (0) and PS (1), respectively. The median follow-up period was 37 months (range 17.6--219.3 months), and smoking and alcohol consumption was noted by 98 (71.5%) and 90 (65.7%) patients, respectively. Tumour histology was classified as well differentiated (52 patients), moderately differentiated (64 patients) or poorly differentiated (21 patients). The anatomical subsites were classified as lateral wall (77 patients), anterior wall (39 patients), posterior wall (10 patients) and superior wall (11 patients). In accordance with the system adopted by the Union for International Cancer Control TNM Classification of Malignant Tumours 7th Edition,[@R11] 10 (7.3%), 21 (15.3%), 27 (19.7%) and 79 (57.7%) patients exhibited stage I, II, III or IV disease at the time of diagnosis, respectively, with 53 patients (38.7%) receiving surgical treatment, 81 (59.1%) receiving concurrent cisplatin-based CRT and 3 (2.2%) receiving RT.

###### 

Relationships between p16 or PD-L1 expression and patient characteristics

  Characteristics        No of patients (%)   p16         P value     TC-PD-L1    P value     IC-PD-L1    P value                           
  ---------------------- -------------------- ----------- ----------- ----------- ----------- ----------- --------- ----------- ----------- ---------
                         137                  78 (56.9)   59 (43.1)               56 (40.9)   81 (59.1)             54 (39.4)   83 (60.6)   
  Age (years)                                                         0.083                               0.728                             0.728
   \<63                  62 (45.3)            30          32          24          38          22          40                                
   ≥63                   75 (54.7)            48          27          32          43          32          43                                
  Sex                                                                 0.5                                 0.039\*                           0.358
   Male                  113 (82.5)           66          47          51          62          47          66                                
   Female                24 (17.5)            12          12          5           19          7           17                                
  Smoking status                                                      0.019\*                             0.201                             \*0.016
   No                    33 (24.1)            14          19          10          23          8           25                                
   Yes                   98 (71.5)            58          40          42          56          41          57                                
   Unknown               6 (4.4)              6           0           4           2           5           1                                 
  Alcohol status                                                      0.001\*                             0.07                              \*0.007
   No                    39 (28.5)            15          24          12          27          11          28                                
   Yes                   90 (65.7)            55          35          38          52          36          54                                
   Unknown               8 (5.8)              8           0           6           2           7           1                                 
  Differentiation                                                     0.007\*                             0.008\*                           \*0.008
   Well or moderately    116 (84.7)           72          44          53          63          52          64                                
   Poorly                21 (15.3)            6           15          3           18          2           19                                
  cT stage                                                            0.605                               1                                 0.861
   T1 or T2              78 (56.9)            46          32          32          46          30          48                                
   T3 or T4              59 (43.1)            32          27          24          35          24          35                                
  cN stage                                                            0.001\*                             0.038\*                           0.861
   N0 or N1              61 (44.5)            44          17          31          30          25          36                                
   N2 or N3              76 (55.5)            34          42          25          51          29          47                                
  cStage                                                              \<0.001\*                           0.012\*                           0.532
   I or II               31 (22.6)            27          4           19          12          14          17                                
   III or IV             106 (77.4)           51          55          37          69          40          66                                
  Definitive treatment                                                0.216                               0.032\*                           0.477
   Surgery               53 (38.7)            34          19          28          25          23          30                                
   CRT or RT             84 (61.3)            44          40          28          56          31          53                                

CRT, chemoradiotherapy; IC-PD-L1, programmed death ligand 1 on immune cells; RT, radiotherapy; TC-PD-L1, programmed death ligand 1 on tumour cells.

P16 or PD-L1 expression and CD8+ TIL density {#s3-2}
--------------------------------------------

We restricted our immunohistochemical (IHC) analysis to p16 or PD-L1 expression and CD8^+^ TIL density due to limited tissue availability. [Figure 1](#F1){ref-type="fig"} shows the representative staining patterns of PD-L1 and CD8 in the tumour specimens. PD-L1 expression was observed in the membrane, cytoplasm or both in tumour cells and/or stromal lymphocytes.

![Immunohistochemical (IHC) staining patterns for programmed death ligand 1 (PD-L1) on tumour and immune cells and CD8^+^ tumour-infiltrating lymphocyte density in patients with oropharyngeal squamous cell carcinoma. (A) Representative examples of patients whose tumour proportion scores were classified as less than 1%, from 1% to 4%, and 5% or higher for the membrane expression of PD-L1. (B) Different PD-L1 levels on immune cells in the stroma. (C) High or low IHC staining patterns for CD8.](jclinpath-2019-205818f01){#F1}

Regarding p16 expression in tumour cells, positive and negative staining was detected in 59 (43.1%) and 78 (56.9%) patients, respectively ([table 1](#T1){ref-type="table"}). There were 81 patients (59.1%) positive for TC-PD-L1 (≥5%) and 83 (60.6%) positive for IC-PD-L1 in stroma. The median of CD8^+^ TILs was 18.6 (range 0--138.4), therefore this was used to distinguish between patients with high and low TIL density.

Correlation between p16 or PD-L1 expression and patient characteristics {#s3-3}
-----------------------------------------------------------------------

The relationships between p16 expression, TC-PD-L1 level or IC-PD-L1 level and patient demographics are presented in [table 1](#T1){ref-type="table"}. We detected significant correlations between p16 expression and smoking status (p=0.019), alcohol status (p=0.001), tumour differentiation (p=0.007), cN stage (p=0.001) and cStage (p\<0.001).

Regarding TC-PD-L1, significant correlations with TC-PD-L1 expression were shown for sex (p=0.039), tumour differentiation (p=0.008), cN stage (p=0.038), cStage (p=0.012) and definitive treatment (p=0.032). Additionally, patients positive for IC-PD-L1 showed significant correlations with smoking status (p=0.016), alcohol status (p=0.007), and tumour differentiation (P=0.008).

Correlations between p16 expression and PD-L1 expression and CD8^+^ TIL density and TC-PD-L1 level and CD8^+^ TIL density {#s3-4}
-------------------------------------------------------------------------------------------------------------------------

We identified significant positive correlations between p16 expression and TC-PD-L1 level (p\<0.001), IC-PD-L1 level (p\<0.001) and CD8^+^ TIL density (p\<0.001) (figure 2A--C). Additionally, we found a significant correlation between TC-PD-L1 level and CD8^+^ TIL density (p\<0.001) (figure 2D).

TIM classification {#s3-5}
------------------

We classified TIM into four types based on the combination of TC-PD-L1 and CD8^+^ TIL density (type I: TC-PD-L1^+/\ high^ CD8^+^ TIL density; type II: TC-PD-L1^−/low^ CD8^+^ TIL density; type III: TC-PD-L1^+/\ low^ CD8^+^ TIL density; and type IV: TC-PD-L1^−/high^ CD8^+^ TIL density) ([figure 2D](#F2){ref-type="fig"}), as previously reported.[@R12] Types I, II, III and IV were found in 53 (38.7%), 39 (28.5%), 28 (20.4%) and 17 patients (12.4%), respectively. Notably, 40 (67.8%), 5 (8.5%), 9 (15.3%) and 5 (8.5%) patients with p16^+^ disease were classified as having types I, II, III and IV TIMs, respectively, whereas 13 (16.7%), 34 (43.6%), 19 (24.4%) and 12 (15.4%) patients with p16^−^ disease were classified as having types I, II, III and IV TIMs, respectively. Furthermore, we found a significant difference among TIM types in patients with p16^+^ and p16^−^ disease (p\<0.001).

![Correlations between p16 status, programmed death ligand 1 expression on tumour cells (TC-PD-L1), programmed death ligand 1 expression on immune cells (IC-PD-L1) and CD8^+^ tumour-infiltrated lymphocyte density (TIL). (A) TC-PD-L1 expression level according to p16 status. (B) IC-PD-L1 expression level according to p16 status. (C) CD8^+^ TIL density according to p16 status. (D) TC-PD-L1 expression level according to high or low CD8^+^ TIL density. (E) Tumour immune microenvironment types classified by TC-PD-L1 level and CD8^+^ TIL density according to p16 status. Significant differences were evaluated using the Wilcoxon and the Fisher's exact tests.](jclinpath-2019-205818f02){#F2}

Survival analysis {#s3-6}
-----------------

We then performed a Kaplan--Meier analysis to evaluate whether TC-PD-L1 or IC-PD-L1 level and CD8^+^ TIL density were associated with DFS or OS ([figure 3](#F3){ref-type="fig"}). The results showed that the TC-PD-L1 level was not significantly correlated with DFS (positive vs negative; median survival time (MST) not reached vs 58.3 months; p=0.078), whereas OS was significantly correlated (positive vs negative; MST not reached vs 89.3 months; p=0.035) ([figure 3A, B](#F3){ref-type="fig"}). By contrast, patients with a positive IC-PD-L1 level experienced significantly longer DFS (positive vs negative; MST not reached vs 38.2 months; p=0.007) and OS (positive vs negative; MST not reached vs 52.0 months; p\<0.001) ([figure 3C, D](#F3){ref-type="fig"}). Additionally, we found that CD8^+^ TIL density was significantly correlated with DFS (high vs low; MST not reached vs 46.5 months; p=0.025) and OS (high vs low; MST 152.2 vs 77.9 months; p=0.012) ([figure 3E, F](#F3){ref-type="fig"}).

![Kaplan--Meier analysis of the disease-free survival and overall survival of patients with advanced oropharyngeal squamous cell carcinoma. (A,B) Programmed death ligand 1 (PD-L1)^+^ or PD-L1^−^ tumour cells, (C,D) PD-L1^+^ or PD-L1^−^ immune cells in the stroma, and (E,F) high or low CD8^+^ tumour-infiltrated lymphocyte density. Significant differences were evaluated using a log-rank test.](jclinpath-2019-205818f03){#F3}

Univariate analyses indicated that IC-PD-L1 level and CD8^+^ TIL density were significant predictive factors of DFS (HR 0.50, 95% CI: 0.29 to 0.83; p=0.008; and HR 0.54, 95% CI 0.32 to 0.92; p=0.024, respectively). Additionally, TC-PD-L1 level, IC-PD-L1 level and CD8 status were significant predictive factors of OS (HR 0.54, 95% CI 0.31 to 0.96; p=0.036; HR 0.36, 95% CI 0.20 to 0.65; p\<0.001; and HR 0.47, 95% CI 0.25 to 0.84; p=0.011, respectively) ([table 2](#T2){ref-type="table"}). Furthermore, multivariate analyses revealed IC-PD-L1 level is an independent and significant predictive factor of DFS (HR 0.56, 95% CI 0.33 to 0.96; p=0.036) and OS (HR 0.43, 95% CI 0.22 to 0.82; p=0.010) ([table 2](#T2){ref-type="table"}).

###### 

Univariate and multivariate analyses of clinicopathological factors associated with DFS and OS

  Characteristics        N     DFS                   OS                                          
  ---------------------- ----- --------------------- --------------------- --------------------- ---------------------
  Age (years)                                                                                    
   \<63                  62    0.747                 0.89                                        
   ≥63                   75    1.09 (0.65 to 1.84)   0.96 (0.54 to 1.70)                         
  Sex                                                                                            
   Male                  113   0.548                 0.635                                       
   Female                24    1.24 (0.64 to 2.69)   1.20 (0.59 to 2.75)                         
  Differentiation                                                                                
   Well or moderately    116   0.209                 0.223                                       
   Poorly                21    1.66 (0.77 to 4.31)   1.71 (0.74 to 4.93)                         
  T classification                                                                               
   T1 or T2              78    0.165                 0.361                                       
   T3 or T4              59    0.69 (0.42 to 1.16)   0.77 (0.44 to 1.35)                         
  N classification                                                                               
   N0-1                  62    0.45                  0.999                                       
   N2-3                  75    1.21 (0.73 to 2.03)   1.00 (0.57 to 1.75)                         
  p16                                                                                            
   Positive              59    \<0.001\*             \<0.001\*                                   
   Negative              78    0.24 (0.12 to 0.46)   0.16 (0.06 to 0.37)                         
  Definitive treatment                                                                           
   Surgery               53    0.775                 0.297                                       
   CRT or RT             84    0.92 (0.55 to 1.55)   0.73 (0.40 to 1.31)                         
  TC-PD-L1                                                                                       
   Positive              81    0.08                  \*0.036               0.808                 
   Negative              56    0.63 (0.37 to 1.06)   0.54 (0.31 to 0.96)   0.92 (0.48 to 1.76)   
  IC-PD-L1                                                                                       
   Positive              83    0.008\*               0.036\*               \<0.001\*             0.010\*
   Negative              54    0.50 (0.29 to 0.83)   0.56 (0.33 to 0.96)   0.36 (0.20 to 0.65)   0.43 (0.22 to 0.82)
  CD8                                                                                            
   High (≥18.6)          69    0.024\*               0.121                 0.011\*               0.119
   Low (\<18.6)          68    0.54 (0.32 to 0.92)   0.64 (0.37 to 1.12)   0.47 (0.25 to 0.84)   0.61 (0.31 to 1.13)

Significant differences were evaluated using a Cox proportional hazards model.

CRT, chemoradiotherapy; DFS, disease-free survival; IC-PD-L1, programmed death ligand 1 on immune cells; OS, overall survival; RT, radiotherapy; TC-PD-L1, programmed death ligand 1 on tumour cells.

Correlation between survival and p16 status combined with PD-L1 expression on immune cells {#s3-7}
------------------------------------------------------------------------------------------

We then performed analyses to determine whether the combination of p16 expression and IC-PD-L1 level was predictive of patient prognosis. We divided patients into four subgroups according to p16 expression and IC-PD-L1 level subgroups (p16^+^/ IC-PD-L1^+^, p16^+^/ IC-PD-L1^−^, p16^−^/IC-PD-L1^+^, and p16^−^/ IC-PD-L1^−^). The results of Kaplan--Meier analyses of DFS and OS in the four groups are presented in [figure 4](#F4){ref-type="fig"}.

![Kaplan--Meier analysis of the disease-free survival (A) and overall survival of (B) of patients with advanced oropharyngeal squamous cell carcinoma. p16^+^ or p16^−^ status combined with programmed death ligand 1 (PD-L1)^+^ or PD-L1^−^ immune cells (IC-PD-L1). Significant differences were evaluated using a log-rank test.](jclinpath-2019-205818f04){#F4}

The median DFS was not reached in the p16^+^/ IC-PD-L1^+^ group, 89.3 months in the p16^+^/ IC-PD-L1^−^ group, 27.3 months in the p16^−^/IC-PD-L1^+^ group, and 26.1 months in the p16^−^/ IC-PD-L1^−^ group (p\<0.001) ([figure 4A](#F4){ref-type="fig"}). Additionally, the p16^+^/ IC-PD-L1^+^ group displayed a significantly better DFS than the p16^−^/IC-PD-L1^+^ group (HR 0.20, 95% CI 0.07 to 0.46; p\<0.001) and the p16^−^/ IC-PD-L1^−^ group (HR 0.17, 95% CI 0.06 to 0.38; p\<0.001). Moreover, although not statistically significant, we observed that the p16^+^/ IC-PD-L1^+^ group displayed a more favourable DFS than the p16^+^/ IC-PD-L1^−^ group (HR 0.35, 95% CI 0.10 to 1.35; p=0.119).

The median OS was not reached in the p16^+^/ IC-PD-L1^+^ group, 89.3 months in the p16^+^/ IC-PD-L1^−^ group, 95.1 months in the p16^−^/IC-PD-L1^+^ group, and 41.0 months in the p16^−^/ IC-PD-L1^−^ group ([figure 4B](#F4){ref-type="fig"}). Additionally, the p16^+^/ IC-PD-L1^+^ group displayed a significantly better OS than the p16^−^/IC-PD-L1^+^ group (HR 0.14, 95% CI 0.03 to 0.42; p\<0.001) and the p16^−^/ IC-PD-L1^−^ group (HR 0.09, 95% CI 0.02 to 0.25; p\<0.001), although this was not statistically significant relative to the p16^+^/ IC-PD-L1^−^ group (HR 0.25, 95% CI 0.05 to 1.35; p=0.107).

Discussion {#s4}
==========

We investigated associations between patient prognosis and p16 expression and TIMs comprising TC-PD-L1, IC-PD-L1 in stroma, and CD8^+^ TIL density.

We found significantly positive associations between p16 expression and TC-PD-L1 level, IC-PD-L1 level and CD8^+^ TIL density, which are consistent with previous reports.[@R14] Based on a previous report regarding TIMs distinguished by combined TC-PD-L1 level and TILs, we evaluated combined TC-PD-L1 level (\<5% or≥5%) with CD8^+^TIL density (cut-off: median value) and demonstrated clear differences between type I TIMs in patients with p16^+^ tumours and type II TIMs in patients with p16^−^ tumours. Previous reports showed that higher rates of type I TIMs are observed in virus-related tumours, such as those associated with Epstein--Barr virus associated nasopharyngeal carcinoma and gastric cancer, compared with non-virus-related tumours[@R13] ; these results are consistent with those in the present study involving patients with OPSCC. Additionally, virus-associated tumours elicit a more active host--antitumour immune response explained by adaptive immune resistance, where T cells induce expression of PD-L1 via the release of interferon (IFN)-γ.[@R12] Moreover, previous studies reported that CD8^+^ T cells induce upregulated PD-L1 expression in some tumours both in vitro and in vivo.[@R17] In the present study, a higher density of CD8^+^ TILs in patients with OPSCC was significantly correlated with an elevated TC-PD-L1 level.

Our findings showed that among patients who had received RT, CRT or surgery as a definitive treatment, those with p16^+^ OPSCC showed a significantly better survival rate compared with those with p16^−^ OPSCC, similar to previous reports ([online supplementary figure S1](#SP1){ref-type="supplementary-material"}). Univariate analysis demonstrated that patients with higher CD8^+^ TIL density or IC-PD-L1 level displayed significantly better DFS and OS. Furthermore, multivariate analyses revealed IC-PD-L1 level as a significant independent prognostic factor. Fukushima *et al* [@R15] reported that in patients who had received CRT, brachytherapy, or RT, IC-PD-L1 level was an independent factor of OS but not DFS. Additionally, Kim *et al* [@R19] reported that IC-PD-L1 but not TC-PD-L1 is a favourable prognostic marker for patients with head and neck cancer treated with surgery.[@R19] Although the patient cohort enrolled in our study had received surgery, CRT or RT as definitive treatment with heterogeneous effects, patients (treated with either surgery: Aor CRT/RT: B)) displaying an elevated IC-PD-L1 level showed significantly more favourable OS ([online supplementary figure S2](#SP1){ref-type="supplementary-material"}). Previous studies assessing the prognostic role of TC-PD-L1 level in various tumours reported that higher TC-PD-L1 levels were predictive of favourable outcomes in nasopharyngeal carcinoma, laryngeal cancer, and breast cancer,[@R10] whereas other studies presented more controversial results.[@R22] A meta-analysis by Wang *et al* [@R25] concerning the significance of PD-L1 expression suggested a correlation between PD-L1 overexpression and worse OS in patients with solid tumours, although this correlation differed according to tumour type.[@R25]

10.1136/jclinpath-2019-205818.supp1

These different results might be explained by the mechanisms associated with TC-PD-L1, which is capable of distinguishing innate expression driven by signalling pathways, such as the phosphoinositide 3 kinase (PI3K)/AKT or mitogen-activated protein kinase/extracellular-signalling regulated kinase (ERK) pathways, from adaptive expression induced by immune infiltrating cells.[@R26] Regarding adaptive immune resistance, when tumour-infiltrating T cells encounter tumour cells, they secrete IFN-γ, resulting in the upregulated expression of PD-L1 on tumour cells and infiltrating immune cells around the tumour cells, and subsequent exhaustion of cytotoxic TILs by the PD-1/PD-L1 axis. Therefore, PD-L1 expression might represent a marker of an active host--antitumour immune response. However, PD-L1 expression upregulated by oncogenic signalling, such as via the PI3K/AKT or MAPK/ERK pathways, is not involved in PD-L1 expression on immune cells; therefore, elevated IC-PD-L1 levels in the TIM indicates a favourable host immune response to tumours and might be a more favourable biomarker for prognosis of patients with OPSCC.

To investigate the prognostic role of p16 and IC-PD-L1 level, we classified patients into four groups based on p16 and IC-PD-L1 status, because our multivariate analyses showed IC-PD-L1 level to be an independent prognostic factor. Fukushima *et al* [@R15] reported that p16^+^/IC-PD-L1^high^ patients displayed a favourable OS rate, whereas p16^−^/IC-PD-L1^low^ patients displayed an unfavourable OS rate.[@R15] These findings were consistent with our OS-related results, and we also demonstrated that p16^+^/IC-PD-L1^high^ or p16^−^/IC-PD-L1^low^ patients displayed better and worse DFS, respectively.

In addition to the prognostic role of the IC-PD-L1 level, several studies reported elevated PD-L1 expression might be predictive of the response to a PD-1/PD-L1 inhibitor.[@R27] These findings suggest that assessment of IC-PD-L1 level by IHC might be predictive of therapeutic outcomes for patients with OPSCC receiving a PD-1/PD-L1 inhibitor, as well as provide prognostic information concerning patients treated with a definitive treatment.

Our study has several limitations. First, we used a retrospective cohort involving a small number of patients. Second, some clinical characteristics, such as definitive treatment, in the enrolled patients were heterogeneous. Third, evaluation of TC-PD-L1 or IC-PD-L1 level and CD8^+^ TIL density might have been hampered by intratumoural heterogeneity. Therefore, future investigations and validations using prospective studies with a larger patient sample size are required.

In conclusion, we demonstrated that IC-PD-L1 level, but not TC-PD-L1 level, represents a useful prognostic biomarker in additional to p16 expression in patients with OPSCC receiving a definitive treatment. Additionally, we propose that co-assessment of the status of p16 and IC-PD-L1 offers greater prognostic potential compared with evaluating each factor alone in patients with OPSCC.

###### Take home messages

-   Programmed death ligand 1 (PD-L1) expression level on immune cells is an independent and significant predictive factor of disease-free survival and overall survival in patients with oropharyngeal cancer.

-   PD-L1 expression level on immune cells represents a useful prognostic biomarker in addition to p16 expression in patients with oropharyngeal cancer.

-   Co-assessment of the status of p16 and PD-L1 expression on immune cells offers greater prognostic potential compared with evaluating each factor alone in patients with oropharyngeal cancer.
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